Recent research on the Farmer Field School (FFS) approach in agriculture in developing countries has shown that FFS training has increased the knowledge (and in some cases) performance of trained farmers. However, several researchers found that the economic impacts of this concept and especially the knowledge diffusion effects from trained to non-trained farmers might not justify the high costs of this approach. Based on a study in Senegal in 2004, the authors hypothesized that training intensity is vital when analyzing knowledge-diffusion effects of FFS in Africa. OLS and logistic models are applied in order to identify the impact of training intensity on diffusion of information from FFS participants to non-participants. Results showed that the share or percentage of trained farmers in a community is a decisive factor for diffusion of information. The results of this study have implications for defining a critical mass of trained farmers per village to attain effective dissemination of information and to generate positive stimuli for adoption and learning among non-participants of FFS. The methodology developed for this paper is believed to be innovative and sound and the results can contribute much to a better understanding of Farmer Field Schools as an extension tool in developing countries.
Introduction
The concept of Farmer Field Schools (FFS) was subject to numerous impactassessment studies in the recent past. First developed in the 1980s by the FAO in Indonesia for the promotion of integrated pest management (IPM), it was considered to be an effective tool to extend knowledge to farmers (Pontius, Dilts & Bartlett, 2002) . Recent research in Latin America and South East Asia has shown that FFS helps to increase farmers' knowledge (Godtland, Sadoulet, de Janvry, Murgai & Ortiz, 2004; Mancini, 2006; Reddy & Suryamani, 2005) , and that knowledge on IPM is disseminated to non-participants (Mauceri, 2004; Ricker-Gilbert, 2005; Yamazaki & Resosudarmo, 2006) . Also studies in several Asian countries demonstrated that FFS can be effective in reducing the excessive use of chemical pesticides (e.g., Mancini, 2006; Praneetvatakul & Waibel, 2003 Tripp, Wijeratne & Piyadasa, 2005; Walter-Echols & Soomro, 2005; Winarto, 2004) . However, the expected economic benefits are not always unambiguously ascertainable as shown for example by a study by Feder, Murgai and Quizon (2002) in Indonesia. In particular, doubts were raised regarding the expected diffusion effects of knowledge from trained farmers to non-participants, which are essential for achieving large-scale impact of FFS (Feder, Murgai & Quizon, 2004; Rola, Jamias & Quizon, 2002) .
While much of the investment in FFS has taken place in Asia, more recently, FAO has introduced IPM FFS in Africa. The introduction of IPM FFS in Africa has shown that there are broader agronomic, management, and production issues that have to be addressed by the facilitators. This has led to the use of the term IPPM (integrated production and pest management) instead of IPM. Hence, the term, IPPM, is used in the succeeding text. Some analysts have questioned such technology-transfer activities from a strategic point of view as being too costly and inappropriate for African conditions (Eicher, 2003) . Empirical studies on diffusion of innovations and knowledge in agriculture show that diffusion (the terms diffusion, dissemination, information sharing, or transmission of information, are used as synonyms in this paper) is a complex process, which depends on multidimensional, interrelated factors (Fuglie & Kascak, 2001; Palis, Morin & Hossain, 2002; Röling, 1988; Rogers, 2003) . It was shown that interpersonal networks are the predominant method by which farmers acquire knowledge (Birkhaeuser, Evenson & Feder, 1991; Rola et al., 2002; Tripp et al., 2005) . Thus, psychosocial determinants play an important role for the flow of information in a community. The investigation by Palis et al. (2002) in the Philippines showed that family relations and farm neighborhood compose homophilous social clusters, which offer good conditions for spontaneous diffusion of FFS knowledge. Homophily is the degree to which a pair of individuals is similar. The similarity may be in certain attributes, such as beliefs, education, or social status (Rogers, 2003) . According to Rogers (2003) , communication is more effective if individuals have much in common.
The basic question of knowledge transfer is whether it is determined by the intrinsic characteristics of knowledge alone (e.g., the complexity or the abstract nature of IPM knowledge) or whether it is rather dependent on the type of farmers selected for training and the number of farmers trained. For example, the strategy of FFS placement in the context of a national program could be an important factor for the diffusion of knowledge transferred to the participants of the FFS. When implementing a development program, agricultural administrators often try to cover large geographical areas in order to increase visibility and impact. This has also been the dominant strategy in the Indonesian IPM FFS program, where project leaders needed to present quantified achievements at the national level for the purposes of internal reporting and disbursement of funds. In a World Bank-financed project in Indonesia, up-scaling of FFS was implicit in the project strategy and resulted in what was described as "an obsessive-compulsive urge to count the number of farmers trained" (Pincus, 2002, p.95) . Impact-assessment reports for the Philippines (Medina & Callo, 1999) and West Africa (FAO, 2006) reveal that field schools are often equally placed over the administrative units (districts, provinces) of the country in order to achieve nation-wide impact. Consequently, the proportion of trained farmers in a given area (village, community) is often very small.
An alternative to a program-placement strategy that aims at wide coverage is to concentrate the resources on fewer villages. These sites may be selected due to their history of pest outbreaks, excessive use of pesticides, or reported problems with pesticide intoxication. FFS would here be used as a tool that is appropriate to specific conditions in specific communities (Davis, 2006) . In this case, a limited project budget would be spent to train a critical mass of farmers (several FFS in one village) including follow-up training. It can be hypothesized that due to the high visibility of FFS in a village, trained farmers may have a stronger influence on nonparticipants, as compared to a village where only a few farmers attended a FFS, resulting in higher adoption through farmer-to-farmer communication. Hence, the question of knowledge diffusion is coupled with the question of project placement in the context of an overall extension strategy.
The paper builds upon a recently published study by Witt, Waibel & Pemsl (2006) , and introduces a methodology that captures the driving forces of knowledge diffusion in agriculture in the context of an African country. It thus contributes to a better understanding of the mechanisms that determine the success or failure of FFS training and other similar knowledgetransfer approaches and provide some hints for an effective strategy of spatial placement of FFS as one option of agricultural extension in Africa.
Purpose
The purpose of this study was twofold: 1) to analyze the relative importance of the training intensity among the factors that influence diffusion of FFS information, and 2) to estimate to what degree those factors affect the attitude of untrained, non-FFS farmers towards IPPM. The main hypotheses of this study were therefore as follows: (1) a concentrated training effort in a village, resulting in a higher share of FFS farmers, increases the degree of information sharing, (2) the more farmers are trained in IPPM through participation in Farmer Field Schools, the more conversations and discussions are believed to be initiated on this topic in a community. The second hypothesis takes the first one as point of departure and states that the share of FFS participants as well as the degree of information sharing affects the attitude of non-participants towards IPPM. Apart from the dissemination of information by wordof-mouth, observations of IPPM practices are also supposed to play a role.
The paper is organized as follows: In the next section, the methodology used for data collection and data analysis is introduced. Section 3 presents the results, and in section 4 the findings of the study are summarized and conclusions and implications are discussed.
Methods
Data on demographic and social conditions, and farm-and IPPM-related issues, were collected in 2004 in the western part of Senegal. The approach used in this investigation was to compare two communities where FFS training had been conducted but where the share of trained farmers differed widely. Otherwise, the two communities chosen for the study had similar characteristics, such as ecological conditions and infrastructure or size of village. To choose the sample villages, several villages of the same climatic zone, the Niayes region, were visited, and information was gathered in group discussions with village elders and by observation. The choice was conditional on a sufficient difference in the proportion of trained farmers. Two villages (Keur Abdou Ndoye and Gollam) located at a distance of about 20 km from one another were selected, as they met the established selection criteria best. In Gollam, one The sampling units were contiguous household clusters (French: carré), which were randomly chosen (9 carrés for each village out of a total of 16 carrés in Keur Abdou Ndoye and 20 carrés in Gollam). A carré is a spatially separate cluster of dwellings of a large family, usually encompassing three or four generations living together. The number of households (and individuals) in a carré may vary considerably, some carrés having only 3 to 4, others up to 15 households. Within these carrés, every active farmer above the age of 15 was interviewed.
The questionnaire consists of three parts with predominantly closed questions. Part one aims at gathering some basic demographic information, part two deals with farm-and IPPM-related issues, and the third part contains questions on the social networks and information exchange. The questionnaire was translated into the local language, Wolof, by a group of 4 native speakers, and then revised by the national coordinator of the IPPM program in Senegal. The use of the Wolof-questionnaire assured the same wording of questions in every interview. Thus, failures or variations in interpretation could be prevented.
The survey was conducted with the help of an interpreter and three enumerators during three weeks, from November 25th to December 15th 2004.
The total sample size of the survey was 194 farmers in Keur Abdou Ndoye and 147 in Gollam.
Three econometric models were established, two pertaining to the first hypothesis (Models 1a and 1b), and one pertaining to the second hypothesis (Model 2). The degree of information diffusion was captured in model (1a) by the ratio of nonexposed/exposed farmers (NEratio). If the NEratio is zero, then information about FFS has reached every farmer in that respective carré and there are no non-exposed farmers. If it's greater than 1, the share of nonexposed farmers in the carré is greater than 50%. The group of exposed farmers included all non-participants who received information on IPPM by word-of-mouth or on-farm demonstration from participants in a FFS (spill-over). We formulated a quadratic relationship between training intensity, expressed as the share of trained farmers in the carrés (percFFS), and the non-exposed/exposed ratio, thus assuming declining marginal effects of training intensity. This seems plausible as the number of potential communication contacts rapidly declines with the number of trained farmers. Thus, the estimated model on carré level is specified as
Another approach used to investigate the effects of training intensity was to apply a binary logistic model (1b) regressing the likelihood of being exposed to FFS-specific knowledge on percFFS. In an earlier paper on this subject, Witt et al. (2006) found a positive impact of training intensity at village level on the likelihood of exposure, assuming a linear relationship. The model used here allowed to estimate the change in the likelihood that non-trained farmers received information about IPPM, depending on the training intensity at carré level, as well as demographic variables (X i ) that control for individual-specific characteristics which might influence communication among farmers, such as age, gender, property status of farm, and education level. The mathematical description of the model is presented in equation 1b.
To test the second hypothesis, i.e. whether training intensity had an effect on the intrinsic motivation or attitude of farmers towards IPPM, a second model was estimated. It was based on the assumption that training intensity would influence the communication of FFS knowledge among farmers. In addition, it was hypothesized that the more attention an innovation receives and the more that information is exchanged through word-of-mouth and visual demonstration, the better the opinion of non-FFS farmers towards IPPM would be held. Hence, the model allows a researcher to assess the effect of training intensity and information diffusion on the attitude of nonparticipants towards IPPM on an individual level as formally described in equation 2.
The dependent variable in model (2) is Attitude, i.e., the subjective assessment of the benefits of IPPM by non-FFS farmers. During the interviews (exposed) farmers were asked to express their opinion of IPPM, according to the information they had received from FFS farmers, resulting in a binary variable with: 0 = negative attitude/indifference, and 1 = positive attitude. The attitude of non-participants was assumed to depend mainly on the share of FFS farmers in the carré (percFFS), as well as on the degree of oral or visual information sharing, which was captured by the frequency of communication contacts per month (ComFreq) as well as the visual observation of IPPM on the farms of FFS farmers (Observ). To control for individual differences, demographic variables (X i ) of the respondents were also included.
The methodology applied here, provides some indications on the spill over effects of FFS for varying degrees of training intensity through farmer-to-farmer knowledge transfer. Table 1 shows the distribution of trained, non-trained but exposed, and nontrained and non-exposed farmers in the sample. The training intensity (percent of trained farmers) in the sampled 9 carrés in Gollam is 7.7%, and over 38% of nontrained farmers in Gollam were unaware that FFS training took place in the village (nonexposed). In Keur Abdou Ndoye, on the other hand, the share of FFS farmers in the sample is about 31% and information about FFS has spread far better in that village and reached over 97% of the non-trained farmers (Table 1) . A similar pattern was also identified within the carrés. Table 2 demonstrates that the percentage of non-exposed farmers is smaller in those carrés where the share of FFS farmers is relatively high. This indicates that training intensity and exposure to information are positively correlated. Pearson and Spearman's correlation tests confirm a highly significant (p<0.01) relationship with a correlation coefficient of 0.75 and 0.76, respectively.
Results
Further, Table 2 suggests that diffusion of information happens first and foremost within carrés. Nonetheless, farmers from carrés with no FFS participants also receive information (e.g. carrés number 6 to number 9 in Gollam). Table 3 presents the results of model (1a), which estimates the impact of training intensity on the Non-exposed/Exposed ratio on the carré level. The goodness-of-fit of the model is high, and the coefficients of the explanatory variables are statistically significant and show a decreasing marginal effect on the dependent variable. This is in line with theoretical expectations, as the NEratio decreases on a diminishing scale. Table 3 OLS Estimates for the Non-exposed/exposed Ratio on Carré Level, Senegal, 2004 Coefficient If the reciprocal value of the NEratio is taken, the estimated functional relationship would be: 2 exposed 1 non-exposed 1.727-0.144x+0.003x  where x is the share of FFS farmers per carré (percFFS). Plotting percFFS on the exposed/non-exposed ratio (Figure 1 ) reveals that with an increasing share of FFS farmers per carré, the ratio of exposed to non-exposed farmers increases progressively up to a training intensity of about 24%, where it becomes infinite. At this point, all farmers in the carré would have received information on IPPM. Note that the intercept of the equation is greater than zero. This can be interpreted such that diffusion of information takes place across carrés, reaching non-participants who live in carrés where no farmer was trained in IPPM FFS (e.g., carrés number 6 to number 9 in Gollam).
Share of FFS farmers in carré exposed non-exposed Figure 1 . Graph of the functional relationship between percFFS and the exposed/non-exposed ratio, Senegal, 2004 In model (1b), the coefficients also show the expected signs (Table 4 ) indicating a progressive relationship between training intensity and exposure to FFS information. The coefficients of percFFS are statistically significant and the first derivation of the estimated functional relationship (Figure 2) shows that the likelihood of being exposed to FFS-related information increases progressively up to a training intensity of about 11%-12% and then reaches a maximum at about 28% (the The point, where the odds ratio reaches the maximum, can be defined as the optimal training intensity, because additional FFS training no longer increases the likelihood of exposure beyond that point. The results reported above support hypothesis 1, i.e., that the diffusion of information from the FFS training among non-participants in the same village/carré strongly depends on the intensity of training (percentage of farmers trained).
The second significant variable in the model (p>0.05) is property status of farm, that specifies whether the respondent is owner of the land, or if he/she works on land that belongs to other family members. Hence, landowners are more likely to receive information on IPPM, probably due to the fact that they are expected to benefit most of IPPM, in terms of higher revenues.
In a second step, the researchers investigated how training intensity and sharing of information affected the attitude of farmers towards IPPM (Table 5) . Results showed that the intensity of training had a positive effect on Attitude. Applying the ceteris paribus conditions, the likelihood of a positive attitude increases with percFFS and reaches a maximum at a training intensity of about 24%. Hence increasing training intensity in a village or community has had therefore not only a positive effect on the diffusion of information but also on the attitude of non-participants towards IPPM. On the other hand, no significant causal relationship was found between communication frequency (ComFreq) and Attitude, indicating that oral communication was not an important determinant of attitude. The most influential variable appears to be the observation of IPPM by non-trained farmers on the neighboring fields of FFS farmers (Observ). Hence, the observation of a change in the agricultural practice of FFS farmers emerges as the most important factor for the attitude of nonparticipants towards IPPM. The odds ratio, which is defined as:
(
i.e., the likelihood of positive attitude increases by a factor of almost 51, if a non-FFS farmer witnessed the results of applied FFS knowledge on the farms of FFS participants. Hence, FFS training would be more effective in terms of farmer-to-farmer diffusion of knowledge, if a higher visibility of training results can be attained by FFS farmers. Besides, it is clear that increasing numbers of FFS farmers in a particular community would also increase the chance that non-participants would observe applied IPPM. The effect of age and size of carré were statistically significant, though they may be small in absolute terms. Again, the property status of farmers plays an influential role. The odds ratio is 2.6 if farmers are owners of their farms as compared to landless laborers. Thus, if farmers can expect to benefit directly from the productivity increases and other benefits of IPPM, they are more likely to develop a positive attitude than farmers whose situation would not be significantly changed, unless by better working conditions (e.g., less risk of poisoning through chemical pesticides).
Conclusions
The effects of higher FFS training intensity on diffusion of information and attitude of non-participants towards IPPM were analyzed. The researchers explored a cross-section data set of 18 carrés in two villages in western Senegal in 2004 with different shares of farmers trained in Farmer Field Schools. The methodology presented in this paper allows some conclusions on the marginal benefits of conducting more than one FFS per community, i.e., boosting the diffusion of IPPM-related information and changing farmers' attitudes in order to achieve better and sustainable learning and adoption.
The benefits of increasing FFS training intensity and thus adopting an alternative project placement strategy (i.e., concentration on a fewer number of villages rather than covering large geographical areas) lie in two areas. First, increasing numbers of FFS farmers (possibly surpassing a certain community-specific threshold level) result in better diffusion of IPPM-related information to nonparticipants, which in turn might be an important factor for the adoption of IPPM. Second, there is an effect on the intrinsic motivation of non-participants, which might likewise have an influence on the adoption behavior of farmers. The results suggest that the critical mass, i.e., the minimum training intensity lies at about 5% trained farmers per carré, where the increase in likelihood of exposure accelerates and the turning point, where marginal benefits of training start declining, is approximately at 15%. All three models also reveal that the optimal training intensity in terms of diffusion of information is at about 24-28%. At that point, the exposure to information as well as the effect on the attitude of farmers reaches a maximum and declines if the share of trained farmers is further increased.
The findings of the study suggest that the success of the Farmer Field School model in terms of knowledge dissemination is dependent on the program placement strategy. Our results indicate that the approach of placing one FFS per community or village and at the same time aiming for a maximum number of locations per country or region may not be effective in achieving the objectives of this knowledge transfer approach. The often present political pressure for rapid program up-scaling, in order to achieve widespread impact and even spread of project activities for equity reasons may hence be counter-productive to and incompatible with the genuine strengths of the FFS concept. As noted by Davis (2006) , the FFS approach should not be understood as an overall extension strategy. To achieve high rates of diffusion of IPPM knowledge, careful targeting of FFS projects is important.
There is a trade-off between a rather widespread placement of FFS in a country and the impact of the training provided. It was concluded that a critical mass of trained farmers is needed in order to attain effective dissemination of information and positive stimuli for adoption and learning among non-participants. Small proportions of trained farmers in a village might be insufficient to induce change beyond the participants of the training and may even increase the likelihood of trained farmers to switch back to their old practices.
FFS is a participatory extension approach that includes a significant focus on group and individual capacity building. The longer-term empowerment goals of FFS seek to enable graduates to continue to expand their knowledge and to help others learn and to organize activities within their communities to institutionalize IPPM practices. It therefore seems reasonable to assume that training quality will be higher if a more concentrated and at the same time longer-term strategy of program placement is used. The results also lend some support to the conclusion that the strengths of FFS projects lie in their use as an intervention in special situations, concentrating efforts and resources on selected sites rather than using it as a substitute for a national extension strategy. These results are also in line with the conclusions of a study by Fleischer, Waibel & Walter-Echols (2002 who, based on comparison of cost-effectiveness of projects in Egypt, found that public investments in participatory agricultural extension can be economically justified if the target is well chosen. Moreover, the "clustering" of FFS may have still other benefits when compared to a scattered placement of programs. The adoption of IPPM by a large proportion of farmers in a village can have complementary effects at different levels. For example, the negative externalities of pesticide spraying could diminish and the general state of the ecosystem and biodiversity could be improved. This would increase the benefits for IPPM practitioners in the proximity. Besides, an agglomeration of FFS farmers may facilitate the formation of local markets for pesticide-reduced, pesticide free or even organic products, commercialization of biopesticides, and may lower the costs of introducing other institutional and technical innovations.
